Protection of natural habitat has been one of the most effective means of in situ conservation of endangered species and biodiversity (Chape, Harrison, Spalding, & Lysenko, 2005; Le Saout et al., 2013; Myers, Mittermeier, Mittermeier, Da Fonseca, & Kent, 2000) . In recognition of the importance of biodiversity conservation, large areas worldwide have been set aside since 1950s as nature reserves or national parks. About 13% of the Earth's land area is under protection for the benefit of biodiversity conservation and ecological services (Kemsey et al., 2012) . In China, protected areas of various categories cover about 15% of the total land area, that is, about 1.5 million km 2 (Huyan, Xiao, 
We assessed habitat usage of the monkeys in Shennongjia Nature Reserve (SNR) and attributes of 14 environmental variables that could potentially affect the monkeys' habitat use. Spatial distribution of potentially suitable habitat for the monkeys was then modeled with Maxent, a niche-based model, and conservation effectiveness of SNR was assessed by comparing the current boundary of the reserve with the spatial distribution of the modeled potential habitat and the current habitat area of the monkeys. Only 59% of the habitat area and 61% of the predicted potential habitat area were under the protection of SNR. To improve conservation effectiveness of SNR, we proposed that the current SNR be enlarged by 270 km 2 . The enlarged reserve would encompass 100% of the existing habitat area plus 89% of the predicted potential habitat area. Using the niche-based approach, we were able to integrate habitat usage data of the target species with that of remote sensing to identify areas potentially suitable as habitat for the species. This information can be used not only for improving conservation effectiveness of existing reserves but also for the effective planning and designing of new reserves.
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environmental management, golden monkey, Maxent model, reserve selection, Shennongjia, wildlife conservation Yu, & Xu, 2014) . Activities that negatively impact on the health of the environment are generally prohibited within these protected areas.
The effectiveness of these reserves to achieve their intended goals of conservation, however, is often compromised by two factors. First, it is not always possible to select areas of highest conservation values as reserves. In fact, most reserve selections are often opportunistic rather than strategic and coordinated (Pressey, Humphries, Margules, Vane-Wright, & Williams, 1993; Pressey & Tully, 1994) . In their study of the Australian reserve systems, Pressey and Tully (1994) found that most of the reserves are on land with the least potential for commercial use rather than on land with the highest conservation value. Ad hoc reserve selection is also considered to be the norm in the United
States and other countries (Holdgate, 2014; Runte, 1997) . The lack of accurate information on the habitat requirements of the target species and climate change further undermines the effectiveness of selected reserves (Araújo, Cabeza, Thuiller, Hannah, & Williams, 2004; PavezFox & Estay, 2016; Rondinini, Stuart, & Boitani, 2005; Sieck, Ibisch, Moloney, & Jeltsch, 2011) . Pavez-Fox and Estay (2016) analyzed the national reserve network of Chile and found that existing reserves are ineffective for the conservation of pudú, an endangered deer species endemic to South America, despite the fact that over 19% of the country is under protection.
Second, for conservation of endangered species, one of the primary goals was to build up as large a population(s) as possible to the point that they are no longer threatened with extinction (National Research Council, 1995) . As population of endangered species changes in response to conservation management, their habitat requirements may change, rendering existing reserves ineffective for their conservation. Thus, there is a continuous need to review existing reserves in light of the changed population dynamics of the species under conservation.
Here, we assessed conservation effectiveness for the golden snub-nosed monkey (Rhinopithecus roxellana), using Shennongjia Nature Reserve (SNR) as our model of study. The golden monkey is best known as China's second national treasure (second only to the giant panda : Wang, Jian, & Li, 1998; Li et al., 2007) . The species is on the endangered species list of a number of organizations including the Endangered Wildlife Annex I of Convention on International
Trade of Endangered Species (Favre, 1989) , China Red Data Book of Endangered Animals (Sung, Peiqi, & Yiyu, 1998; Wang & Xie, 2004) , and Vulnerable Species of International Union for Conservation of Nature and Natural Resources (IUCN 2013). Habitat conservation and management of the golden snub-nosed monkey is one of the highest priorities in wildlife conservation in China (IUCN 2013). SNR was established in the 1980s for conservation of biodiversity of the area with the primary aim of providing a refuge for the golden snubnosed monkeys, as well as other animal and plant species (Wang, 1995) . At the time of reserve establishment, relatively little was known about the population dynamics of the flagship species, the spatial distribution of its habitat areas, and how these will respond to conservation management. While the boundary of the reserve has remained unchanged since its first enactment more than 30 years ago, the population of the monkeys and vegetation have undergone marked changes in response to conservation management and climate change, further necessitating the need to examine the effectiveness and adequacy of the reserve.
In China, nature conservation is often synonymous with the cessation of all existing agricultural and forestry activities, whereas activities such as recreation and road traffic are often considered to have a minimum impact on nature conservation and are thus permitted in many of the nature reserves. While this assumption is largely correct for most plant and animal species, species like the golden snub-nosed monkey, which has specific requirements on temperature, food and social space, reserve selection, and management needs to take these requirements into consideration. Since its enactment in 1983, SNR was protected from hunting, agriculture, and forestry activities. The population of the golden snub-nosed monkey in the study region fluctuated, and by 2008, reached 1,200 (Xiang et al., 2011) . Our preliminary field observations revealed that activities of the monkey were confined to particular section of the reserve, and the rest of the reserve was not utilized.
To study habitat usage of the monkeys, a team of field patrol followed the footprint of known group of monkeys during 2012-2013.
We used the Maxent model for data analysis and modeling the spatial distribution of potential habitat for the golden snub-nosed monkey for winter-spring (November-May) and summer-autumn (JuneOctober). The Maxent model builds on the concept of maximum entropy of ecological niche (Phillips, Anderson, & Schapire, 2006) . The model uses data of biotic and abiotic variables to calculate the Habitat Suitability Index (HSI) of given site or area for the target species. One advantage of this approach is its ability to use only the known geographic distribution data of a target species and distribution point corresponding to the environmental variables (i.e., "presence") to inversely calculate the environmental requirements of the species (Phillips & Dudík, 2008) . Using presence-only data, the model is able to identify areas where no presence records currently exist but where the biotic and abiotic variables both satisfying the requirements of the target species. Combined with GIS technology, the model provides an effective means of evaluating spatial variability in habitat conditions of target species and produces habitat maps that can be used by policymakers and field managers of nature reserves.
To assess the conservation effectiveness of SNR for R. roxellana, we compared the current boundary of the reserve with the spatial distribution of the modeled potential habitat and the habitat area of the species. We attempted to answer the following two questions:
(a) Are we preserving the areas with the greatest conservation value and (b) how can management practice be changed to improve conservation effectiveness of the existing reserve?
2 | ME THODS
| Study area
Our study was conducted at Shennongjia District, Hubei, China (Figure 1 ). Total size of the study area was 1,797 km 2 , 722 km 2 of which was in SNR (Zhu & Song, 1999) . Shennongjia is located in the subtropical monsoonal region of China. Its climate is dominated by the monsoonal atmospheric circulation, and temperature is at the lower range of the subtropical region with a prolonged rainy season during summer-autumn period (May-October). Vegetation has formed local vertical zonation. Three climatic zones, low-mountain, mid-mountain, and subalpine, are recognized locally as elevation increases. Average annual temperature is 12°C with large daily temperature differences.
The vegetation in the area consists mainly of subtropical elements, with minor elements of temperate and tropical origin. Average elevation of the region is 1,700 m above sea level (ASL), with many mountain peaks over 1,500 m ASL with six raising above 3,000 m ASL. The area is renowned for its richness in natural vegetation and wildlife resources. All activity data were entered into ArcGIS10.0 for mapping and converting to formats that are compatible with the Maxent niche model. Data for 14 environmental variables, including three topographic, nine ecological, and two human-related, were collated for the study area (Table 1) . The digital elevation model (DEM) data used in this study were from the 30 × 30 m resolution data of the US Geological Survey website (http://www.usgs.gov). The DEM data were input into ArcGIS10.0. Elevation, aspect, slope, distance to the river, and other geographic data were then extracted using the spatial analysis capability of the software. Road data were provided by the SNR authority. The road vector data were converted to raster data in ArcGIS 10.0, and grid layer data were derived through linear distance analysis of the raster data.
| Data collection and analysis
To quantify habitat characteristics of the monkeys, attributes of seven ecological variables (Table 1) The data were then used as input for the Maxent model for further analysis and modeling.
| Maxent model
The Maxent model is widely used in wildlife management to define relations between species distribution and ecological variables (Chang et al., 2012; Morrison, Marcot, & Mannan, 2012; Radosavljevic & Anderson, 2014) . While its application in the study of the golden snub-nosed monkey has not been attempted before, our preliminary analysis suggested that results of the Maxent model were consistently better than models such as Bioclim or DOMAIN (Baldwin, 2009; Kumar & Stohlgren, 2009; Thorn, Nijman, Smith, & Nekaris, 2009 ). We used MAXENT 3.3.3k for our model development. The modeling software uses the receiver operating characteristic (ROC) curve and the subject area under the ROC curve (AUC)
to verify the precision of the model forecast. One advantage of this approach is that it provides a single measure of model performance, independent of any particular choice of threshold. The higher the AUC values for given environmental variable, the closer the correlation between the variable and the geographic distribution model of the target species, and the better the forecast (Baldwin, 2009; Phillips et al., 2006) . The output of the model is an index that reflects the suitability of habitat, that is, HSI ranging from 0 (areas least suitable as habitat) to 1 (areas most suitable as habitat) for given areas.
Various methods for classification of habitat suitability have been used and most of which are experience-based rather than precise science (Liu, Newell, & White, 2016; Liu, White, & Newell, 2013) . We recognized three habitat classes which were verified by direct field observations: areas not suitable as habitat (HSI = 0-0.2), low suitability habitat (HSI = 0.2-0.5), and high suitability habitat (HSI > 0.5). HSI maps were produced using ArcGIS 10.0. Separate maps were produced for winter-spring and summer-autumn and for the two periods combined. The area in each HSI class was calculated following the methodology of Kumar and Stohlgren (2009) and Han et al. (2014) .
| RE SULTS
The effects of 14 variables on habitat suitability of R. roxellana were evaluated using Maxent model. During summer-autumn, the top six variables (Elevation, Tree cover, Shrub height, Slope, Distance to water, and Distance to road) accounted for up to 88% of the habitat suitability variability (HSV). During winter-spring, the top six variables accounted for up to 85% of the HSV; Elevation, Shrub height, Shrub canopy cover, Tree size height, Slope, and Distance to water made up the top six variables, whereas Distance to road (and water to a lesser degree) became less important during summer-autumn (Table 2) . Elevation remained the most influential factor, accounting for 42% and 26% of the HSV for winter-spring and summer-autumn periods, respectively (Table 2 ). During winter-spring, the habitat areas were restricted to elevation range 2,200-2,800 m ASL. During summer-autumn, the lower limit of the elevation range reached 1,750 m ASL, whereas the upper limit reached 3,100 m ASL. Contrary to our expectation, the effects of vegetation type on HSV were small for both summer-autumn and winter-spring periods. One plausible explanation was that vegetation type was correlated with other variables such as Elevation, Tree cover, and Tree size, and its effects on HSV were already reflected in these variables.
Spatial distribution of the predicted potential habitat varied between winter-spring and summer-autumn (Figure 3 ). Total areas with HSI > 0.2 were 126 km 2 for winter-spring and 332 km 2 for summer-autumn. Further, for winter-spring, over 80% of the areas with HSI > 0.5 were concentrated in areas north of Jianzhuling (Figure 3b ).
In comparison, areas with HSI > 0.5 were more widely distributed across the study area with high proportion located in areas south of Jianzhuling during summer-autumn (Figure 3a) . The combined total areas with HSI > 0.2 for the two periods were 368 km 2 (Figure 3c ). to the east of the study area and the other to the west of Changping, were outside the current habitat area (cp Figure 3c and 4).
To maximize the success of population conservation of R. roxellana, the reserve would need to be enlarged to encompass two ad- (186 km 2 ). The activity area for Rhinopithecus roxellana is based on published records of Li et al. (2002) , data of the SNR authority and data from the current study of the existing habitat area and 89% of the predicted potential habitat area (Figure 4 ).
| D ISCUSS I ON

| Conservation effectiveness of SNR
Conservation effectiveness of reserves can be assessed using different approaches and different criteria. For some species, indices based on minimal viable population and minimal habitat requirements are used to assess effectiveness of given reserves or areas (Karczmarski, Huang, & Chan, 2017; Mathews, 2016) . For the golden snub-nosed monkey, there is no reported minimal viable population. The monkeys live in group of multiple males with each male partnering with one or several females of the group; other males may join the group at various time hence group size varies considerably (Pan et al., 2005) . Such behavior of the monkeys has resulted in relatively low level of genetic polymorphism (Pan et al., 2005) , thus the need to build up a population as large as possible to ensure the long-term survival of the species. In our study, conservation effectiveness of SNR for this species was assessed with a niche-based approach. Our analysis showed that SNR protects only 61% of the predicted potential habitat area (high value area)
and 59% of the current habitat area of the golden snub-nosed monkeys. While this result may compare favorably to those reported by Pressey and Tully (1994) , Runte (1997) and is potentially suitable as habitat for the monkeys (Figure 3c ).
Currently, the area is dotted with small patches of land being used for crop production, and as orchards and tea farms. The area is currently sparsely populated, and a high proportion of houses are dilapidated (unpublished observations) as most young people have left for towns and cities in search for better living and working conditions.
Habitat fragmentation can lead to population isolation which may result in high in-breeding rates, low genetic diversity, and reduced fitness of the population. The reduction and fragmentation of habitat is responsible for population isolation and decline of many plant and wildlife species (Ashcroft, Gollan, & Batley, 2012; Fahrig, 2003; Krauss, Klein, Steffan-Dewenter, & Tscharntke, 2004) . High in-breeding rate associated with isolated and small populations lowers the genetic diversity and reduces the fitness of the population and its ability to persist (Dixo, Metzger, Morgante, & Zamudio, 2009; Honnay & Jacquemyn, 2007; Valtonen et al., 2014) . Habitat destruction is the number one cause of species endangerment, with 88% of all threatened and endangered species in the United States affected by habitat destruction (Noss, O'Connell, & Murphy, 1997) .
On a global scale, the loss of habitat has been identified as the single most important factor responsible for the extinctions of many wildlife species (30% of species extinctions have been attributed to habitat destruction: IUCN, 1992).
| Key factors contributing to HSV
For both winter-spring and summer-autumn, our analysis suggests that elevation was the most important factor contributing to HSV of the golden snub-nosed monkey. The usefulness of elevation as a predictor of potential distribution for mammals has been questioned by Hof, Jansson, and Nilsson (2012) . Their analysis of published records showed that elevation is insignificant in predicting species distribution, more so in small regional areas. They argued that living organisms may not respond directly to altitudinal gradients but rather to other abiotic environmental factors regulated by elevation such as temperature and rainfall. Further, they pointed out that no obvious trends regarding taxa, spatial scale, resolution, and number of species studied, with regard to including or excluding elevation as a predictor variable. They showed that elevation is used as a predictor variable by just over half of the papers studied. Nonetheless, elevation appears to be an important variable contributing to seasonal movement of the golden snub-nosed monkey in Shennongjia District.
The predicted potential habitat was confined to elevation range of 1,750-3,100 m ASL for summer-autumn and 2,200-2,800 m ASL for winter-spring (Figure 3) . These results were consistent with findings for golden snub-nosed monkey in other areas. For instance, in Qingmuchuan Nature Reserve, habitat of golden the snub-nosed monkey is located in elevation range of 1,400-3,400 m ASL and with seasonal variability (Li, Jiang, Li, & Grueter, 2010) . The narrower elevation range in Shennongjia District is most likely to be due to human disturbance. Much of the Shennongjia District below 1,500 m was subject to intensive agricultural and forestry activities prior to the establishment of the reserve (Li, 2004; Li et al., 2007) and tourism more recently (Chang et al., 2012) . During winter, the upper elevation range of the monkey was reduced to 2,800 m ASL in Shennongjia District. This downward movement of the upper elevation range was likely related to food availability and plant species composition. At elevations greater than 2,800 m ASL, vegetation in Shennongjia District is dominated by alpine meadow and fir forests and food for golden snub-nosed monkey in these types of vegetation is scarce during the winter months. High elevation also placed extra pressure on the monkey during winter as temperatures are much lower (Luo et al., 2015) .
The predicted potential habitat varies markedly between winter-spring and summer-autumn. About 18% of the study area (332 km 2 ) was considered suitable as habitat for the monkey during summer-autumn ( Figure 3 ). The area was reduced to 126 km 2 during winter-spring. In other words, 62% of the areas that were considered suitable as habitat for the golden snubnosed monkey during summer-autumn became unsuitable during winter-spring. Similar change has been reported for the gray
snub-nosed monkey (Rhinopithecus brelichi) in Fanjing Mountain
Biosphere Reserve (Wu, Wang, Fu, Zhao, & Yang, 2004) . The gray snub-nosed monkey has a defined habitat in the range of 1,500-1,700 m ASL in Fanjing Reserve during winter-spring. However, in summer, these monkeys were observed to move out of their winter-spring range into areas above 1,700 m ASL, where temperature is lower but food supplies are adequate. During winter, these monkeys moved downward to below 1,700 m ASL where food is more plentiful and temperature is warmer than at higher elevations.
Both Tree height and Tree DBH contributed to habitat selection of the golden snub-nosed monkey. Areas with trees <10 m in height and <12 cm in DBH were generally avoided, whereas forests with trees of 10-20 m in height were preferred. These findings were consistent with earlier studies (Li, 2006; Li et al., 2002) . This preference for larger trees is believed to be closely related to food availability and provision of shelter: Larger trees generally have more food (fruits and seeds and lichens) and offer better shelters from predators and adverse weather conditions than smaller ones (Li et al., 2002) .
Shrub size (canopy cover and height) is important to habitat selection, especially during winter-spring (Table 2) . In Shennongjia District, the monkeys fed primarily on lichens from barks of tree species, Cerasus discadenia, P. armandii, Populus davidiana, Quercus glandulifera, and Salix wallichiana from November to April (Li, 2006; Li et al., 2002) . The influence of Shrub height and Shrub canopy cover on habitat selection is unlikely to be food related. The monkeys seek out areas of relatively low canopy cover (0-0.35) and avoid shrubs with high canopy cover, suggesting it maybe mobility related. , a large proportion is currently forest. In total, over 90% of the proposed expansion is forest. Thus, the proposed expansion will have enhanced the ecological integrity for the areas.
| Proposed changes to improve conservation effectiveness of SNR
The ability to identify potential habitat areas for target species is fundamental for nature reserve design and selection (Le Saout et al., 2013; Morrison et al., 2012; Pressey et al., 1993) . Using the nichebased approach, we were able to integrate habitat usage data of the target species with that of remote sensing to identify areas potentially suitable as habitat for the species. This information can be used not only for improving conservation effectiveness of existing reserves but also for effective planning and designing of new reserves. and inadequacies addressed to improve its effectiveness of conservation. Of equal importance, our study has also shown how niche-based models, such as Maxent, can be used to identify potential habitat for a target species and can facilitate nature reserve design and selection for conservation of that species. 
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